Additional Information:
where r is the radius coordinate centered on the crack tip and I K and II K are the real and imaginary parts of the complex SIF. The signs of n σ and s τ are positive in the directions shown in Fig. 1b . In Eqs.
(1) to (3), the bimaterial mismatch coefficient ε is defined as
where the Kolosov constant i k (with 2 ,
for plane strain and as ( ) ( )
for plane stress. By introducing the Young's modulus ratio, 
Total energy release rate
From the authors previous work [2, [5] [6] [7] [8] [9] [10] [11] , and with reference to Fig. 1b 
and where 1 E is the effective Young's modulus of the upper beam and η is the effective Young's modulus ratio. For plane stress 
ν~, which is unacceptable behavior for ν~. Therefore when η is close to 1, setting η η = is no longer suitable and Eq. (18) must be used instead with an alternative η .
Using an alternative η affects the total ERR G under both plane stress and plane strain conditions. Therefore, to maintain G , 1 E must also be replaced by 1 in Eqs. (6) and (7) respectively with the substitution η η= . To maintain the same G , 1 E is obtained by using Eq. (6), as follows:
Then, 1 E is replaced by 1 E where for plane stress 1 1Ẽ E = and for plane strain ( )
Note that for plane stress cases with η η = , Eq. (20) reduces to
The method above derives formulae for ν~ and 1 E , which are dependent on the initial selection of η . Any consistent combination of 1 E , η , ν~ will maintain both G and ε in an alternative equivalent case with Based on the FEM results in Section 3, for plane stress conditions, using η η = provides accurate results for almost the whole range of η ; however, when
, it has been identified that using In the FEM simulations, the thickness ratio , which is the Young's modulus of the interface at the crack tip. This meant that the spring stiffness s k is sufficiently high with respect to 2 1 and E E to simulate brittle interfacial cracking without introducing excessive numerical error. Because the interface is rigid, the ERRs are calculated using the virtual crack closure technique. Contact between the upper and lower surfaces of the crack is not considered.
Bending moments only
The DCB is subjected to tip bending moments in order to vary the crack tip bending moment on the lower beam ), which requires only one approximation using Eq. (18) with η η = being maintained. The increased maximum error in the plane strain results is attributed to the compounding error from the two approximations for ν~ and 1 E , while the plane stress results agree with FEM results more closely due to there being only one approximation for ν~.
Bending moments and axial forces
The DCB is also subjected to tip axial forces and bending moments in order to vary the crack 
Conclusions
The authors' existing analytical partition theory [2] 
